Introduction
Current spacecraft are located at all planets in the inner solar system, at three different points at 1 AU, and at Saturn, allowing for the opportunity to study the impact of distinct solar transients on more than one location. Analyzing a solar wind disturbance by observing it throughout the inner and outer solar system also provides the opportunity to study the characteristics of its propagation and learn more about its evolution as it travels through the solar system. Solar wind transients can be interplanetary coronal mass ejections (ICMEs) or corotating interaction regions (CIRs).
CIRs are formed when a region of fast solar wind catches up with a region of slow solar wind creating a density enhancement at the interface between them, known as a stream interaction region (SIR). The average duration of this interaction region at 1 AU is 36.7 ± 0.9 h, with a size of 0.41 ± 0.01 AU [Jian et al., 2006] . There will be a compression region ahead of this interface and a rarefaction region behind. Pairs of shocks may also form at the edges of the interaction region, particularly at higher heliocentric distances, beyond ≈3 AU, as the compression wave steepens [Gosling and Pizzo, 1999; Gosling et al., 1976; Hundhausen and Gosling, 1976; Smith and Wolfe, 1976] . The fast solar wind originates from coronal holes that become more frequent at lower solar latitudes during the declining phase of the solar cycle. These high-speed streams of solar wind, and therefore the associated interaction region, rotate with the Sun, sweeping out large areas of longitude. If they persist for multiple solar rotations, they become known as CIRs [Gosling and Pizzo, 1999] . A CIR has an average duration at 1 AU of 36.8 ± 1.2 h and a size of 0.44 ± 0.02 AU [Jian et al., 2006] . They can be observed in situ as an increase and then decrease in density, an increase in solar wind velocity, entropy and proton temperature, velocity deflections, a pileup of total pressure and a compression of the magnetic field [Jian et al., 2006 [Jian et al., , 2008 . The presence of at least five of these signatures is required for a CIR to be strongly identified. Many CIRs have a sharp stream interface, which is the actual interface boundary between fast and slow solar wind streams and is defined as the peak in total pressure, usually accompanied by the increase in velocity and temperature and a drop in density following the compression [Jian et al., 2006] . The CIRs have also been extensively modeled and compared with observations, for PRISE ET AL. ©2015 . American Geophysical Union. All Rights Reserved. the magnetic field. This would be a particular issue if the constituent ICMEs contain magnetic clouds with a highly ordered magnetic field [Xiong et al., 2007; Wang et al., 2003 Wang et al., , 2005 . MIRs can be very complex and require multiple observations to verify how they have formed and what their structure is [Rouillard et al., 2010; Burlaga et al., 2003 ].
The interaction of multiple ICMEs with each other has attracted significant study. The hybrid code HAFv.2+3DMHD is used to model the interactions of several ICMEs by Wu et al. [2007 Wu et al. [ , 2014 , demonstrating that the model can help link ICMEs and shocks observed at 1 AU to their solar source. use this model to simulate multiple ICMEs, observing several instances of the ICMEs merging, and also note the leading edges of many ICMEs are asymmetric or distorted due to interactions with the background solar wind. Wu et al. [2011] model a single CME which propagates with a highly asymmetric shape due to its interaction with the background solar wind and the presence of a high-speed solar wind stream. The interaction of two specific ICMEs were modeled by Lugaz et al. [2009] and Webb et al. [2009] . Lugaz et al. [2009] conclude that the second, fast ICME catches up with the earlier, slower ICME and decelerates before merging with it. Webb et al. [2009] compare the results of four different models, including ENLIL and HAFv.2 and find that they generally all agree on the events' appearance and kinematic evolution. They suggest, however, that the ICMEs may not have merged but instead only partially interacted or the second ICME simply overtook the first. It has also been observed that interacting ICMEs can lead to significant changes to the direction of propagation of the transients, sometimes resulting in strong deflections [Lugaz et al., 2012] . Shen et al. [2012] also observe the strong deflection of two ICMEs and suggest that the collision could be superelastic, which they then validate with simulations [Shen et al., 2013] . CME deflections are also observed as a result of interactions with the background solar wind and outer corona. Equatorward deflections of CMEs were first reported by MacQueen et al. [1986] near solar minimum and further reported by, e.g., Gopalswamy et al. [2003] , Cremades and Bothmer [2004] , . This systematic deflection is due to the dominance of large-scale dipolar magnetic field and flow at solar minimum, in comparison to much less ordered conditions during solar maximum. Gui et al. [2011] verify that CME deflections in the inner corona are consistent in strength and direction with the gradient of magnetic energy density. However, as the density of magnetic field decreases with heliocentric distance, this effect should only be significant close to the Sun. Isavnin et al. [2014] find that 60% of the latitudinal deflection occurs below 30 R Sun , suggesting that interactions with coronal holes may be the main cause of this deflection. Longitudinal deflections of ICMEs in interplanetary space are observed by Wang et al. [2004] as a result of ICME interactions with the Parker spiral. Faster ICMEs are blocked by the slow solar wind ahead and deflected eastward, whereas slower ICMEs are accelerated by faster solar wind behind and deflected westward. Wang et al. [2014] model a specific ICME and conclude that the deflection is due to the interaction of the ICME with the solar wind, rather than the gradient of the magnetic energy density which is the cause of deflection in the corona. Like Nieves- Chinchilla et al. [2013] , Wood et al. [2012] observe a CME being deflected by nearby coronal holes. However, in this instance, only the ejecta is deflected, not the shock. Part of the shock expands more rapidly into the high-speed wind stream from the coronal hole and arrives at STEREO-A a day before the rest of the shock, traveling in normal solar wind, arrives at the Earth.
In this study, we make use of multiple remote and in situ observations sampling the inner and outer solar system to track two different solar transients. We observe a CME erupting from the Sun and track it through the inner solar system, where it is observed in situ at Venus, STEREO-B, and Mars. A CIR propagating ahead of the CME is observed in these three locations, as well as at Earth. We make use of the ENLIL prediction model to estimate the time of arrival of both CIR and ICME and compare with the in situ data to make an estimate of the accuracy through the solar system. ENLIL results indicate that the ICME catches up with the CIR and merges with it. A strong magnetospheric compression that is consistent with this scenario is subsequently observed at Saturn.
Instrumentation and Prediction Model
For this study, data were utilized from multiple spacecraft and instruments, to build up a complete picture of the CME and CIR as they travel through the solar system. The CME was observed directly by the SECCHI [Howard et al., 2008] instrument suite on STEREO. The CME eruption was observed on-disk by the Extreme Ultraviolet Imager (EUVI) [Wuelser et al., 2004] and propagating away from the Sun by the Cor-1 and Cor-2 [ Thompson et al., 2003 ] coronagraphs and the Heliospheric Imagers (HI) [Eyles et al., 2009] . From the Earth, PRISE ET AL.
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the CME was imaged on-disk by the Atmospheric Imaging Assembly (AIA) [Lemen et al., 2012] on SDO and off the Sun with the Large Angle and Spectrometric Coronagraph (LASCO) [Brueckner et al., 1995] experiment on SOHO [Domingo et al., 1995] . The ICME and CIR were observed in situ at multiple locations throughout the solar system. The CIR was detected in situ at the Earth by the Solar Wind Electron Proton Alpha Monitor (SWEPAM) [McComas et al., 1998 ] onboard ACE. In situ measurements were taken at STEREO-B using the magnetometer of the In situ Measurements of Particles and CME Transients (IMPACT) suite of instruments and the Plasma and Suprathermal Ion Composition (PLASTIC) investigation [Galvin et al., 2008] . At Mars and Venus, in situ measurements are presented from the Electron Sensor (ELS) of the Analyzer of Space Plasmas and Energetic Atoms 3 and 4 (ASPERA-3 and ASPERA-4 [Barabash et al., 2007] ) instruments on board the Mars Express (MEx) and Venus Express, respectively. In addition to ASPERA-4, VEx also carries a Fluxgate Magnetometer [Zhang et al., 2006] , which was also used to identify the arrival of the CME and CIR. Both Venus Express and Mars Express have highly elliptical orbits, spending a short time within the exosphere of the planet. Venus Express completes roughly one orbit per day, with ASPERA-4 operational for several hours at periapsis and apoapsis only, while the magnetometer runs continuously. Mars Express completes three to four orbits per day, with ASPERA-3 running for several hours around periapsis only. At Saturn, the Cassini spacecraft provides in situ measurements of the magnetosphere with the magnetometer (MAG) and Cassini Plasma Spectrometer (CAPS) [Young et al., 2004] .
The arrival of these events was predicted throughout the solar system using the ENLIL + cone model [Odstrcil and Pizzo, 1999; Odstrcil et al., 2004] . ENLIL is a 3-D time-dependent MHD forecast model of the solar wind, available from the Community Coordinated Modeling Center (CCMC) at NASA Goddard Space Flight Center. The addition of the cone model allows the simulation of up to five ICMEs propagating through the solar system. ENLIL+cone is used by both NOAA and the UK Met Office to provide predictions for the arrival of ICMEs at the Earth for real-time space weather forecasting. A simulation run of ENLIL will span one Carrington rotation and can run to 2 AU (encompassing the orbit of Mars) or 10 AU (encompassing the orbit of Saturn). For these runs, ENLIL takes an input at its inner boundary of 21.5 R Sun from the Wang-Sheely-Arge (WSA [Arge and Pizzo, 2000] ) model or the Magnetohydrodynamics Around a Sphere (MAS [Riley et al., 2006] ). The MAS model is a full 3-D MHD model, but the WSA model requires an input from a current sheet model and a magnetostatic potential field source surface (PFSS) model [Schatten et al., 1969] . These can take synoptic magnetograms from several different observatories. For this study, the WSA input to ENLIL was used, with the magnetogram from the Mount Wilson Observatory.
The cone model requires several input parameters to simulate the ICME, including the CME width, latitude, longitude, speed, and time it arrives at 21.5 R Sun (the inner boundary of the model). The CME Analysis Tool, available from the CCMC website, utilizes the images of the CME in coronagraphs from multiple viewpoints to constrain the input parameters. These input parameters are then used by ENLIL to introduce an over pressured plasma cloud into the ambient solar wind, corresponding to the ICME. This plasma cloud does not incorporate the internal magnetic signal of the ICME, however, which is one of its most significant parameters. This means that ENLIL cannot model the flux rope structure of a ICME, so the simulated evolution of the ICME ejecta is not accurate. However, the propagation of any associated density enhancements, such as plasma sheath regions, shocks, solar wind pileup, or compression regions, is not affected by this. Although these regions cannot be specifically distinguished in the simulation, it can still provide a valid estimate of the arrival of the associated solar wind disturbance at different locations in the solar system. In this study, we use the term "ICME" to refer to the entire solar wind region altered by the CME transient, as defined by Rouillard [2011] including any shock, sheath, solar wind pileup, and ejecta regions. We therefore refer to the solar wind disturbance as simulated by ENLIL as an ICME, along with the structures identified in observations. The different regions of the ICME such as shock, solar wind pileup, and ejecta are explicitly stated when we are referring to them.
Multiple studies have been made of the performance of ENLIL, comparing its predictions with in situ observations and alternative model results. Recent studies include those by Vršnak et al. [2014] which compares the ENLIL+cone model with the analytical drag-based model, finding that the differences in the simulated and observed arrival times for ICMEs at L1 are similar for both models, at around 14 h. Falkenberg et al. [2010] simulate a single ICME event multiple times, changing different ENLIL input parameters from the default values. They note that despite ENLIL being unable to simulate the internal magnetic structure of the ICME, the magnitude of the initial signal, arrival time, and dynamic pressure of the event is still well PRISE ET AL.
reproduced at L1. Taktakishvili et al. [2009] assess the performance of ENLIL simulating 14 ICME events, comparing their shock arrival times to a mean velocity and empirical shock arrival model. They find that ENLIL generally performs better than the reference models, with an average error of 6 h. A number of studies make use of ENLIL results at locations other than L1. In particular, Baker et al. [2009 Baker et al. [ , 2011 Baker et al. [ , 2013 use ENLIL simulations to provide context for MESSENGER observations at Mercury, as the plasma instrument onboard cannot always adequately sample the solar wind distribution functions. Falkenberg et al. [2011a] study several ICMEs and use GOES data at Earth and Mars Global Surveyor (MGS) data at Mars to evaluate the performance of ENLIL predictions. They find that the multipoint observations are crucial to validate the models, as two different ICMEs can seem very similar when observed at only one location. They also note that possible deflections of the ICME will increase uncertainty in the simulation, as this is less likely to be correctly modeled without the internal magnetic structure of the ICME. Falkenberg et al. [2011b] was a follow up to this study, which again uses in situ observations of ICMEs at Earth and Mars to evaluate ENLIL predictions. They find that shocks can arrive almost simultaneously at Mars and Earth due to the presence of a high-speed stream, allowing part of the CME shock front to travel faster than the rest. In addition to several studies that use ENLIL+cone to predict the arrival of ICMEs at Earth, the ability of ENLIL to reproduce the background solar wind has also been analyzed. Jian et al. [2011] , Broiles et al. [2013] , and Lee et al. [2009] compare the performance of WSA/ENLIL and MAS/ENLIL to simulate the background solar wind and find that in general, both versions are capable of reproducing the large-scale structure of the solar wind but find that the timing can be off by 1-2 days. MacNeice et al. [2011] validates community models and assesses the accuracy of WSA/ENLIL in tracing field lines through the heliosphere. They find that the average error in the position of the foot points of field lines is roughly 20
• , which could correspond to timing errors of 1-2 days for structures in the ambient solar wind. The simulated values of solar wind parameters also show discrepancies with observations. For example, both Jian et al. [2011] and Broiles et al. [2013] find that ENLIL significantly underestimates the magnetic field strength and total pressure. Jian et al. [2011] also find that the ENLIL simulations underestimate the temperature and that this is more extreme at 5.4 AU than 1 AU. However, the simulated density peaks were generally 2-4 times greater than observations for the SIRs studied by Jian et al. [2011] , though Lee et al. [2009] find that in general, WSA/ENLIL yields densities similar to the observations at ENLIL. Gressl et al. [2014] also compare the MAS/MAS model with these two versions of ENLIL and find similar results, again with uncertainties in the time of arrival of a high-speed stream of about 1 day.
Observations

Remote Observations
The CME was observed erupting at 01:30 UT on 20 June 2010, on the solar disk by STEREO-B (at roughly N30E90), as seen in Figure 1 , and also on the eastern limb by SDO. The CME was seen clearly off the eastern limb in the SOHO/LASCO and the STEREO-A/Cor-2 coronagraphs, as shown in Figure 2 . At this time, STEREO-B was 70
• behind the Earth and STEREO-A was 74
• ahead (see Figure 3 ). From this we can conclude that the CME was directed roughly toward STEREO-B, although it is not visible as a halo CME in STEREO-B coronagraphs. Height-time plots of LASCO coronagraph observations give this CME a radial speed of 591 km s −1 .
As the ICME is directed toward STEREO-B, it is not observed by HI-B; however, it is seen by HI-1A and HI-2A, shown in Movies S1 and S2 (in the supporting information). It enters the field of view of HI-1A at around 00:49 UT on 21 June and passes over Venus early on 22 June 2010, seen in Movie S1. The ICME enters the field of view of HI-2A at around 08:09 UT 22 June, seen in Movie S2. LASCO C2 observations showed this CME passing by an earlier, slower CME which is also directed roughly toward STEREO-B but further southward (see Movie S3 in the supporting information). In HI-1A observations it is clear that this ICME is directed far enough below the ecliptic plane that it will not hit any planets and therefore is unlikely to add further complexity to the scenario. It is observed entering the field of view of HI-1A at roughly 15:29 UT 22 June and passes below Venus at roughly 08:49 UT 23 June (Movie S1).
The source of the high-speed stream associated with the CIR is a recurrent low-latitude coronal hole, shown in Figure 
ENLIL Prediction Modeling
The arrival times of the ICME throughout the solar system were predicted using the ENLIL+cone model, described above. The input parameters used were obtained from the CME Analysis Tool and included a longitude of E84
• , a CME width of 27
• and a velocity of 628 km s −1 , which agrees fairly well with the direction and speed of the CME found above.
The ENLIL run of the inner solar system (out to 2 AU) for this ICME shows that it clearly impacts Venus, STEREO-B, and Mars, as shown in Figure 4 . From this the CIR can also be seen passing through prior to the ICME. An ENLIL run of the same ICME in the outer solar system (out to 10 AU) does not show it impacting any of the outer planets. Instead, it indicates that the ICME merges with the preceding CIR, beyond the orbit of Mars, and as such does not reach Saturn as an ICME, despite its favorable position (see Figure 5 ). The simulated CIR is predicted to impact Saturn roughly 1 month later.
The CIR and ICME at Venus
Both the CIR and the ICME are observed in situ at Venus. As Venus Express carries a magnetometer which is continuously operating, this provides quite a clear indication of the arrival of both CIR and ICME, shown in Figure 6 , although this identification would be strengthened by additional plasma measurements at Venus. The regular data gaps in the magnetic field data corresponds to when Venus Express is close to the planet, at the periapsis of its elliptical orbit. Venus has no intrinsic magnetic field, but the interaction of its ionosphere with the solar wind creates an "induced magnetosphere, " which has many similar features to a true magnetosphere, including bow shock followed by a magnetosheath region between the solar wind and the ionosphere [Bertucci et al., 2011] . This results in sharp peaks in the magnetic field data that have been removed for clarity. The increase in magnetic field corresponding to the arrival of the CIR is slower than these regular spikes and is observed at 02:00 UT on 19 June 2010, with an associated increase in magnetic field variance in each component of the magnetic field. This indicates a compression of the magnetic field. However, this period of compressed magnetic field is very brief (lasting only 9.5 h), which is much shorter than most CIRs. It is possible that this is due to the limited measurements here, as the CIR has only been identified by its magnetic field compression. If better plasma measurements were available at Venus, they may suggest a longer CIR duration. The ENLIL-simulated total magnetic field strength is shown in Figure 6 PRISE ET AL.
©2015. American Geophysical Union. All Rights Reserved. (fifth panel) and shows an increase corresponding to the CIR, although it appears quite small in comparison to the much larger increase predicted for the ICME. This is the opposite of what is seen in the in situ measurements, which shows the magnetic field magnitude of the CIR to be greater than that of the ICME. In addition, the duration of the ICME predicted by ENLIL differs significantly from the in situ observations, with the observed ICME lasting over 3 times longer than predicted by ENLIL.
This figure also shows the electron density as calculated from ASPERA-4 plasma moments for the periods that it was sampling the solar wind. Plasma moments are calculated from the electron particle distribution function by integration and Gaussian fits. These are susceptible to noise but are able to show large changes and reveal the boundaries between different plasma regions. Further details of their calculation can be found in Fränz et al. [2006] . There are considerable data gaps, as the moments are only used when ASPERA-4 is operational in the solar wind (moments for the induced magnetosheath and ionosphere of Venus have been excluded). The first two vertical lines in Figure 6 (sixth panel) show the CIR interval suggested by the magnetic field data (when a magnetic field compression occurs), but there does not appear to be a significant increase in electron density associated with this period, though it is slightly higher than the PRISE ET AL.
©2015. American Geophysical Union. All Rights Reserved. , and the ICME arrived (second vertical line). Once a day Venus Express reaches periapsis in its orbit, passing through the induced magnetosheath region, into the ionosphere, and back out again. This is seen on the spectrogram as two regions of hot, dense electrons (the magnetosheath), bounding the cooler electrons of the ionosphere.
There is an increase in the electron count rate in the solar wind and magnetosheath regions in the orbits following the arrival of the CIR and a noticeable increase in electron count rates and energy after the ICME arrival.
period following it. There is some indication of an increase in the electron density prior to the magnetic field compression, which could agree with the suggestion that the CIR duration could be longer here with plasma measurements. However, there is no reason to expect a density increase to precede the magnetic field compression rather than coinciding with it as is usual with CIRs [Jian et al., 2006 [Jian et al., , 2008 . Figure 7 shows the ELS spectrogram for this period, with the CIR arrival marked by the first vertical line, as defined by the magnetic field compression. ASPERA-4 collects data twice during an orbit, once high in its orbit (sampling the solar wind), for example, from 16:03 to 17:57 UT 18 June, and once lower in the orbit, including the crossing into the induced magnetosheath and the ionosphere and back out again. This second period can be identified by the sudden increase of electron fluxes (e.g., at around 05:40 UT 18 June), corresponding to the magnetosheath region of Venus on the inbound pass of Venus Express, followed by the ionosphere with lower electron fluxes and then a period of high electron fluxes again denoting the magnetosheath on the outbound pass of the Venus Express orbit. The figure shows that on the orbit directly following the arrival of the CIR, there is an increase in electron counts in both the solar wind and magnetosheath regions.
The ICME arrival is observed 3.5 days after the CIR (at 14:00 UT 22 June 2010), as an increase in the total magnetic field and a period of less disturbed magnetic field, in contrast to the magnetic signature of the CIR, which was a compression of the magnetic field. This period of less disturbed magnetic field is defined as the ICME interval, shown by the solid lines. There is also an increase in electron density at this time (shown in Figure 6 , sixth panel), though it is possible that this electron density increase could start earlier, but it is difficult to determine with the data gaps. The increase in total magnetic field seems to begin around 12 h earlier than the period of smoother magnetic field, at 02:00 UT on 22 June (indicated by the dash-dotted vertical line), along with fluctuations in specific magnetic field directions. This is possibly a result of a solar wind pileup region or similar traveling ahead of the ICME ejecta.
ELS/ASPERA-4 spectrograms (see Figure 7) suggest an ICME arrival time consistent with the later time of 14:00 UT (second vertical line in Figure 7 ). ASPERA-4 is inactive from 18:01 UT 21 June to 03:49 UT 22 June and from 09:01 to 16:09 UT 22 June, over both 02:00 and 14:00 UT on 22 June. However, there is a noticeable increase in count rates of electrons at 16:09 UT, when the instrument is operating again after a break of 7 h, but there is no clear difference between 18:01 UT on 21 June and 03:48 UT on 22 June, over the previous data gap, when the solar wind pileup region possibly arrived.
The CIR and ICME at STEREO-B
At STEREO-B, both the ICME and CIR are observed, a few days after their arrival at Venus. The PLASTIC instrument allows the solar wind plasma to be sampled directly, and the magnetometer on board provides information on magnetic field variations, as shown in Figure 8 . The CIR is observed to arrive at STEREO-B at 09:50 UT on 21 June 2010. As at Venus, the magnetometer observes a compression of the magnetic field, which lasts for around 20 h at STEREO-B. The plasma properties of the solar wind at STEREO-B show an increase in proton temperature, an increase and then decrease in proton density and total pressure, and a slower increase in solar wind speed. At STEREO-B, there is a small increase in density prior to the beginning PRISE ET AL.
©2015. American Geophysical Union. All Rights Reserved. of the CIR (starting early on 21 June), which may explain the possible density increase seen at Venus prior to the magnetic field compression. However, the time of this density increase is not used for the start of the CIR at STEREO-B, as the presence of several other necessary plasma characteristics seen at 09:50 UT gives a strong identification of the CIR at this later time. The ENLIL-simulated parameters are also shown in Figure 8 , but as with the simulated magnetic field strength at Venus, the changes corresponding to the CIR are much smaller in comparison to the ICME. As with the results at Venus, this is generally opposite to what is seen in the in situ measurements, as the peaks of the ICME are not as high as the CIR in observations. The predicted durations of the ICME and CIR also differ from the observations, with the in situ measurements showing PRISE ET AL.
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The increase in solar wind speed associated with the CIR continues for almost 2 days, until the arrival of the ICME ejecta at 08:00 UT 23 June. The signatures of this ICME are slightly unusual at STEREO-B. A region of smooth magnetic field is evident in all three components of the magnetic field at this time, but there is no overall increase in the total magnetic field. There is an increase in proton density, not as high as that of the CIR, but little indication of an enhancement of the total pressure. The velocity of the solar wind experiences another sharp increase slightly ahead of the arrival of the ICME, which then declines steadily during CME passage.
Neither the CIR nor the ICME have interplanetary shocks associated with them at STEREO-B. Therefore, any compression region traveling ahead of the ICME ejecta (as is suggested by Figure 7 ) cannot be a sheath region but could be a pileup of solar wind or compression region. Despite the evidence for a possible solar wind pileup region at Venus, this region is not easy to identify in the plasma data at STEREO-B. A compression region or solar wind pileup region traveling ahead of ICME ejecta would have an increase in density and potentially a compressed magnetic field and raised temperature. The best possibility for the beginning of a compression region is marked in Figure 8 as the vertical dash-dotted line, which lies at 21:30 UT 22 June. There is no significant increase in temperature, magnetic field magnitude, or density observed, but there is a discontinuity and a small increase in these factors, and a more significant increase in solar wind velocity at this time. The magnetic field during this period remains disturbed since the earlier passage of the CIR.
The CIR and ICME at Mars
Detecting the CIR and ICME at Mars is much harder than at previous locations, as Mars Express has no magnetometer and its plasma instrument is not continuously sampling the solar wind. However, there is evidence of the arrival of two solar wind disturbances at Mars, although the timings are less reliable than those found at Venus, STEREO-B, and Earth and the identification is much less certain. Plasma moments from ASPERA-3 are shown in Figure 9 for the period 22 to 26 June, which encompasses the estimated arrival times of the ICME and CIR as given by ENLIL predictions. As with Venus, Mars has no intrinsic magnetic field but interacts with the solar wind to create an induced magnetosphere similar to that of Venus. As with Figure 6 , only the moments for when ASPERA-3 is sampling the solar wind are displayed, resulting in large data gaps.
The electron density as found from plasma moments shows two peaks in density, about 1 day apart, which is less than the time between the arrival of the CIR and ICME at STEREO-B (∼2 days). At STEREO-B there is a smaller density peak preceding the start of the CIR, beginning roughly 10 h earlier. However, it is unlikely that the two peaks in density seen at Mars are associated with these two peaks at STEREO-B (the main CIR and the preceding density increase). The two peaks near the CIR at STEREO-B were closer together than peaks at Mars, and the earlier peak at STEREO-B is lower than the second, opposite to what is seen at Mars. As the calculated plasma moments are susceptible to noise and only really show broad features, it seems more likely that the two density peaks observed at Mars are two distinct structures. The first density peak begins between the second and third orbits of Mars Express on 23 June 2010, which is between 09:16 UT and 13:21 UT. The arrival time of this solar wind disturbance is therefore roughly 11:15 ± 02:00 UT 23 June, PRISE ET AL.
©2015. American Geophysical Union. All Rights Reserved. Figure 10 . The ELS spectrogram for Mars Express on 23 and 24 June, covering the period when the CIR and ICME are expected to arrive at Mars. The vertical lines indicate the start time of the CIR and ICME found from the start time of the density increases seen in the plasma moments data. Mars Express carries out approximately four orbits per day, and during the periapsis of each one will pass through the induced magnetosheath of Mars, into the ionosphere, and back out through the magnetosheath. This is seen in the spectrogram as two regions of hot dense electrons corresponding to the magnetosheath, and surrounding the cooler electrons of the ionosphere. There is a clear enhancement in the electron count rate after the arrival of the CIR and in both the solar wind and magnetosheath regions, and electron energy also begins to increase at around the same time as the ICME arrival.
with the uncertainty given as the time during which no measurements are taken in the solar wind. The peak in density occurs during the inbound pass of the fourth orbit of 23 June, which is between 19:41 and 20:40 UT (within the solar wind). The second peak begins during the second orbit of 24 June, between 10:30 and 12:40 UT. The arrival of this density peak is therefore given as 11:30 ± 01:00 UT 24 June, around 1 day after the first. The peak of this density increase occurs during the outbound pass of third orbit of 24 June, corresponding to a time of roughly 20:00 UT 24 June.
The ELS spectrogram of this period is shown in Figure 10 , with the start times of the two density peaks marked on as vertical lines. Similar to Venus Express spectrograms, each orbit of Mars Express includes a period close to the planet, where it crosses into the induced magnetosheath and ionosphere of the planet. This is visible in the spectrograms as two enhancements in electron count and energy (the magnetosheath), bounding a region of cooler electrons (the ionosphere). Mars Express is only in the solar wind outside of this period. After the arrival of the first density increase (first vertical line), there is a noticeable increase in count rate of the solar wind and magnetosheath region (particularly on the outbound pass), for two orbits, until 24 June (roughly when the first density peak ends), after which the count rate is low again. At around the time of arrival of the second density increase, there is an increase in energy of solar wind electrons and the count rate is also high. The count rate and energy of the magnetosheath region also begin to increase.
The plasma moments and spectrogram data at Mars show the arrival of two solar wind disturbances here, 24 h apart. As the CIR was previously traveling ahead of the ICME, and the second density peak is lower than the first, as is the case for the CIR and ICME observed at STEREO-B, it is likely that the first density peak corresponds to the CIR and the second to the ICME. As there is only 24 h separating these two peaks in density at Mars, it suggests that the ICME is closely approaching the CIR, as it has between Venus and STEREO-B. Therefore, if these structures merge it will occur not long after the ICME has passed Mars, fairly close to the planet.
The CIR at Earth
The source location of the CME is near the center of the solar disc observed by STEREO-B (at roughly N30E90), as seen by Figure 1 . Therefore, as can be seen from Figure 3 , the CME is not directed toward the Earth and is not detected here. The CIR does impact the Earth almost 2.5 days after it arrives at Mars and is detected by the ACE spacecraft at L1 as seen in Figure 11 . SWEPAM observes a jump in plasma density at 21:30 UT 25 June, and an increase in solar wind velocity and temperature several hours later. This is accompanied by a period of compressed magnetic field, similar to what is observed at STEREO-B and Venus, as well as an enhancement of total pressure.
The CIR in the Outer Solar System
Unlike Venus and Mars, Saturn has a strong intrinsic magnetic field, generating a true magnetosphere, similar in structure to the terrestrial magnetosphere. Cassini revolution 135 occurs around a month after the CME eruption on the Sun. The inbound part of the orbit indicates a quiet magnetosphere with regular oscillations [Espinosa and Dougherty, 2000 2011], but the outbound pass is much more disturbed, as shown by the magnetometer data in Figure 12 . On the outbound pass, Cassini first crosses the magnetopause and enters the magnetosheath of Saturn at 21:09 UT 26 July, as indicated by the decreased and disturbed region of magnetic field. For several days following this first magnetopause crossing, Cassini leaves and reenters the Saturn magnetosheath on multiple occasions, as indicated by the shaded regions of Figure 12 . The final magnetopause crossing occurs at 16:05 UT on 31 July. These transitions into the magnetosheath are also observed by CAPS ELS, which sees higher density and lower temperature electrons than in the magnetosphere. These magnetopause crossings are indicative of a compression of the magnetosphere of Saturn, as Cassini has encountered the magnetosheath much closer to the planet than usual. This compression could have begun at some point while Cassini was deep in Saturn's magnetosphere (from roughly 12:00 UT 24 July) and therefore did not PRISE ET AL. detect a change until Cassini was further from the planet (during the outbound pass), or it could have occurred at any point up until the magnetopause crossing (≈21:00 UT 26 July). The ENLIL prediction for the arrival of the CIR at Saturn is 02:00 UT 25 July, which falls within this period when a compression of the magnetosphere may have begun.
The location of the magnetopause crossings can be input to a model of the magnetopause in order to obtain an estimate of the solar wind pressure and the magnetopause standoff distance (most commonly 22 or 27 R s , where 1 R s = Saturn radius = 60,268 km, [Achilleos et al., 2008] ) at this time. The model described by Arridge et al. [2006] and built on by Kanani et al. [2010] is dependent on the pressure balance across the magnetopause boundary and uses a Newtonian form of the pressure balance equation to obtain estimates of the solar wind dynamic pressure and the standoff distance of Saturn's magnetopause. Using the first magnetopause crossing on the outbound pass (at 21:09 UT 26 July), an estimate of solar wind dynamic pressure of 0.111 nPa and a standoff distance of 16.0 R s were found. The solar wind pressure found here is close to the pressure estimated for the CIR at Saturn as predicted by the ENLIL model, 0.107 nPa, which is over 6 times the normal solar wind pressure at this distance from the Sun. For comparison, this magnetopause model was also run for the magnetopause crossing on the inbound pass of Cassini, which occurs at 07:15 UT on 15 July. This yielded an estimate of the solar wind pressure of 0.016 nPa and an estimate of magnetopause standoff distances of 23.5 R s . This confirms that a region of high-pressure solar wind, almost 7 times higher than the solar wind pressure during the inbound pass, has arrived at Saturn and compressed the magnetosphere significantly, by over 7 R s . The solar wind pressure and standoff distance estimated for the final magnetopause crossing on the outbound pass (16:04 UT 31 July) were 0.012 nPa and 25.0 R s respectively, showing that by this time the region of high-pressure solar wind has passed, and the Saturn magnetosphere has relaxed back to a less compressed state.
Comparison of CIR and CME Arrival Time Predictions
ENLIL Predictions
The ENLIL forecast model has provided predictions of the arrival times of both the CME and the CIR, which can be compared to the observed arrival times. These are shown in Figures 6, 8, 9 , and 11, where ENLIL results are overplotted with a dashed line or plotted on a separate panel, and the timings of the CME and CIR indicated with vertical lines. These timings are summarized in a In parenthesis is given the difference between the predicted arrival time and the arrival time seen in the data.
predicted and detected arrival time given in brackets. ENLIL predicts the arrival of the CME within 20 h of the detected arrival. The prediction for the arrival at Mars is the furthest from the observed arrival: 19.5 h after it is detected by Mars Express. The closest prediction is at STEREO-B, which is 1.5 h early. The prediction for the CME arrival at Venus is 12 h early.
The ENLIL predictions of CIR arrival all show larger differences to the observed arrival times than the CME predictions, and all predict the arrival of the CIR earlier than it is detected in situ. The greatest discrepancy is seen for Venus and STEREO-B, both 2 days and 9 h too early, with the predictions then improving slightly as the CIR propagates. Repeating these predictions using alternative magnetograms or the MAS coronal model with ENLIL did not improve the timings found for the CIR arrival. Williams et al. [2011] describe a method to track CIRs through the inner solar system using the speed and arrival time of the CIR detected at one location and extrapolated elsewhere. The travel time between locations, Δt, can be deduced by the simple relation:
Travel Time Predictions
where r is the radial distance between the two locations, is the angle of solar longitude between the two locations, and Sun is the equatorial rotation rate of the Sun, 14.4
• d −1 . V r is the mean velocity of the CIR, calculated from the average of the minimum velocity of the low-speed stream and the maximum velocity of the high-speed stream. The method assumes that adjacent sources of fast and slow solar wind continue to emit coronal plasma at the same velocities, so that solar wind properties remain constant along a Parker field line. It also assumes that r and remain constant during the event, which is a reasonable approximation for the inner solar system. This method to calculate the CIR arrivals was carried out twice; once extrapolating from the CIR detected at Earth, using V r measured by ACE (411 km s −1 ) and once extrapolating from STEREO-B, using V r measured here (396 km s −1 ). These speeds are comparable to the speed of the slow solar wind, in agreement with Wood et al. [2010] . This provides two arrival time predictions for Venus and Mars and one each for STEREO-B PRISE ET AL.
and Earth, shown in Table 1 . This method was not used to calculate the CIR's arrival at Saturn as the angle of solar longitude between each location will change significantly while the CIR propagates out to Saturn's orbit. The predictions of CIR arrival time found were all much closer to the observations than those found by the ENLIL predictions. The closest prediction was found for the arrival of the CIR at Venus, as extrapolated from the Earth, and was only half an hour early. The predicted arrival time at Mars, extrapolated from the Earth, was the furthest from its detected arrival time at 9 h early. As the Earth and Mars are the furthest apart in both longitude and radial distance at this point, it is not surprising that this prediction is the least accurate.
Discussion
In this study, the passage of the CIR and ICME at each location (Venus, STEREO-B, Earth, and Mars) is identified, and the events are simulated using the ENLIL prediction model. In this work, ENLIL has not been used to carry out detailed modeling of the characteristics of the CIR and ICME, but its predictions of the arrival times of these events throughout the solar system are compared with observations and also an alternative timing prediction method for the CIR. In the case of the ICME, it is important to note that as ENLIL does not simulate the internal magnetic field of the CME, what it really models is the solar wind disturbance that lies ahead of any magnetic cloud or ejecta material, which may include a shock, plasma sheath, compression region, or solar wind pileup region, although these cannot be distinguished in the model output. In this case, the ICME does not have an interplanetary shock associated with it (at least at STEREO-B, where the best plasma data are available) and so also cannot have a sheath region which lies behind an interplanetary shock. However, there was some indication of a solar wind pileup region at Venus and possibly at STEREO-B. At Mars, observations were very limited and it was impossible to draw any conclusions about the presence or timing of a solar wind pileup region associated with the ICME here. This limitation in the ENLIL model does not affect its ability to predict the arrival of a CIR at each location, however. Table 1 summarizes the arrival times of the ICME and CIR at each location and the predicted arrival times for comparison. The arrival times for the ICME at Venus and STEREO-B shown in this table correspond to the clear arrival of the ejecta, rather than any possible solar wind pileup region, which was only tentatively identified.
ENLIL predictions of the arrival times of the CIR show a significant difference to the observed arrival times at each location, with predicted times ranging from 36.5 h too early (at Earth) to 57 h too early (at Venus and STEREO-B). However, there is some sign in the electron density found from plasma moments at Venus that an increase may have begun some time earlier than the compression of the magnetic field, which would bring the arrival time of the CIR closer to that predicted by ENLIL. This discrepancy in predicted arrival times on the order of 1-2 days agrees with previous results studying ENLIL simulations of SIRs [Jian et al., 2011; Broiles et al., 2013] and large-scale solar wind structures [Lee et al., 2009; MacNeice et al., 2011; Gressl et al., 2014] . An alternative method to predict the CIR arrival, described by Williams et al. [2011] was also assessed, finding arrival times much closer to those predicted by ENLIL. This method was a simple equation based on the corotation of the CIR but relies on data obtained as the CIR reaches one location, to extrapolate the arrival time elsewhere.
In this study, at Venus, STEREO-B, and Earth, ENLIL significantly underestimates the magnetic field strength by roughly 1 order of magnitude for the solar wind, including the ICME and CIR. This agrees broadly with the findings of Jian et al. [2011] and Broiles et al. [2013] , who also find ENLIL substantially underestimates the solar wind magnetic field strength, although by not as much. The simulated temperature is also underestimated by around one order of magnitude, also in agreement with Jian et al. [2011] , who find the temperature underestimated by about this much at 5.3 AU. The density simulated by ENLIL for the solar wind agrees with the observations fairly well at the Earth and STEREO-B, although it overestimates the peak density for the ICME and underestimates it for the CIR, which disagrees with the findings of Jian et al. [2011] , who found that ENLIL overestimates the CIR density. At Mars the ENLIL-simulated density is overestimated for the solar wind, CIR, and ICME. The studies of Lee et al. [2009 ], Jian et al. [2011 ], and Broiles et al. [2013 all take place during the declining phase of solar cycle 23, whereas the events studied here occur at the beginning of cycle 24, which could have influenced the difference in the ENLIL-simulated values. The duration of the CIR as simulated by ENLIL was also overestimated, by roughly a factor of 2 at STEREO-B and Earth, which also agrees with the findings of Jian et al. [2011] , who find CIR duration overestimated by an average factor of ∼2 at 1 AU, suggesting that the model cannot simulate enough compression within 1 AU.
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The arrival times of the ICME at each location as predicted by ENLIL were all closer to the detected arrival times than the CIR predictions, the largest discrepancy being for the arrival of the ICME at Mars. The ICME arrival prediction at Venus and STEREO-B were compared to the observed arrival times for the ICME ejecta given in Table 1 . By instead comparing the ENLIL predictions to the arrival times of a possible solar wind pileup region, the prediction for the arrival of the ICME at Venus is much closer to observations, being only 1 h earlier than the possible solar wind pileup region at Venus (02:00 UT 22 June). At STEREO-B, however, using the arrival time of the possible solar wind pileup region for comparison worsens the ENLIL prediction here, which is now 9.5 h too early. The structure of the ICME cannot be identified at Mars, but if the timing used is only the arrival of the ICME ejecta, and a solar wind pileup region lies ahead of this, then the ENLIL prediction for Mars will show an even larger difference to the observations. By considering the transit times of the ICME between each location in the ENLIL model (as shown in Table 1 ), the ICME is seen to be decelerating overall from the initial input speed of 628 km s −1 . This agrees with the common understanding that an ICME with an initial speed higher than that of the ambient solar wind (400 km s −1 ) will decelerate to roughly this speed [Gopalswamy et al., 2000; Yashiro et al., 2004] . Similarly, an ICME traveling in faster ambient solar wind can accelerate nearly up to the speed of the ambient solar wind [Gosling and Riley, 1996] . Between STEREO-B and Mars, the ENLIL transit time of this ICME suggests that it has sped up again slightly. In the actual in situ measurements, the transit times of the ICME between locations differ from ENLIL predictions. It takes the ICME approximately 60 h to reach Venus (a radial distance of ≈0.7 AU), 18 h to travel between Venus and STEREO-B (a radial distance of ≈0.3 AU), and a further 28 h to reach Mars (a radial distance of ≈0.6 AU). These locations in the inner solar system are not perfectly aligned, there being 10
• in longitude between Venus and STEREO-B and 8
• between STEREO-B and Mars. This means that each location will encounter a different part of the curved ICME front, which will influence the observed arrival time of the ICME. As the ICME appears to be directed toward Venus (see Figure 3 ), STEREO-B will probably encounter the edge of the ICME, and therefore, the arrival time of the ICME here will be later than the leading front of the ICME actually reaches 1 AU. This means the transit time of the ICME between Venus and STEREO-B is longer than it would be if these spacecraft were aligned, and similarly, the transit time between STEREO-B and Mars is shorter, as Mars is only 2 • away from Venus. However, this cannot account for the overall transit time between Venus and Mars (only 2 • apart in longitude), which is 45.5 h. This gives an average speed of roughly 825 km s −1 , suggesting that the ICME is accelerating overall. This increase in velocity of the ICME has occurred despite an initial speed which is higher than the ambient solar wind speed and is also true if the possible timings of a solar wind pileup region at Venus and STEREO-B are used. This unexpected acceleration of the ICME could be due to the effect of the preceding CIR. At STEREO-B, where better plasma data are available, it can be seen that the ICME arrives during a period of high solar wind speed and lower proton density, indicating that the ICME is traveling within the high-speed solar wind stream that follows the CIR. This high-speed, low-density region could be allowing the ICME to accelerate, as the ambient solar wind at this point is at a higher velocity than that of the ICME. The average speed of the ICME during its initial propagation from the Sun to Venus is ∼480 km s −1 , which demonstrates the expected deceleration of an ICME, and at this point the CIR is over 3 days further ahead of the ICME. It is therefore possible that the ICME propagates normally initially, decelerating as it travels into the slower ambient solar wind, until it approaches the CIR and enters the associated high-speed stream, at which point it begins to accelerate. The ENLIL model predicts that the CIR would be further ahead of the ICME, so the ICME would decelerate for longer as it propagates through the inner solar system. The ICME simulated by ENLIL only begins to show a slight acceleration while propagating between STEREO-B and Mars, when it gets closer to the CIR and its preceding high-speed solar wind stream.
The transit times of the CIR between each location are also summarized in Table 1 . These give a transit time of 56 h for the CIR to travel from Venus to STEREO-B and 49.5 h to travel from STEREO-B to Mars, which seems unreasonable for a stable structure such as the CIR. However, the CIR travels in longitude as well as radially, so the fact that these locations are not exactly aligned in the inner solar system contributes significantly to the distance traveled. At this time, STEREO-B lies ∼ 10
• ahead of Venus in longitude and ∼ 8 • ahead of Mars, meaning that the CIR takes longer to travel from Venus to STEREO-B and shorter to travel from STEREO-B to Mars, than it would do if they were all in line. The equation for the transit time of a CIR, given by Williams et al. [2011] can be used to estimate the effect of this. The time due to the longitudinal propagation of the CIR is equal to the difference in longitude divided by the equatorial rotation rate of the Sun (14.4
• day −1 ). For Venus to STEREO-B, this corresponds to roughly 20 h and for STEREO-B to Mars, roughly 13 h.
PRISE ET AL.
©2015. American Geophysical Union. All Rights Reserved. Figure 13 . A graphical representation of the timings of the CIR and CME arrivals at different locations within the solar system, where r is the distance from the Sun in AU multiplied by the solar longitude in degrees. The CIR is denoted by the star symbols, and the CME is denoted by the diamond symbols. The symbol at Saturn indicates that the two solar transients have merged by this point.
Therefore, if Venus, STEREO-B, and Mars were all exactly aligned in the inner solar system, and these the transit time for the CIR between them would be around 36 h between Venus and STEREO-B and 63 h between STEREO-B and Mars, which seems more reasonable. Figure 13 gives a summary of the arrival times of these solar transients at each locations, showing the propagation of the ICME and the CIR throughout the solar system. It is clear from this that the ICME is catching up to the CIR in the inner solar system, as the overall structure of the CIR is slow in the radial direction and the ICME is traveling in the fast solar wind stream. The ICME should reach the CIR at some point beyond the orbit of Mars, before the CIR has reached the Earth (although it should be noted that it is a different part of the CIR which reaches the Earth). This is also evident from the Δt columns in Table 1 , which show that the ICME is propagating faster than the CIR between each location. At Venus, the time difference between the arrival time of the CIR and CME is 84 h, decreasing to 46 h, then 24 h at STEREO-B and Mars, respectively, showing that the ICME is traveling faster than the CIR in the radial direction and will therefore eventually catch up with it. ENLIL simulation of the event indicates that when the ICME encounters the CIR, it merges with it, as shown in Figure 5 , though as the simulated CIR is further ahead of the ICME, they appear to merge later, after the CIR has passed Earth.
Within the inner solar system neither the CIR or the ICME are associated with shocks, but it is likely that the pressure waves bounding the CIR will have steepened to shocks by the orbit of Saturn, as most CIRs are bounded by shocks beyond 3 AU [Gosling and Pizzo, 1999] . However, as Cassini is not in the solar wind at this time, there are no plasma data available to identify a shock and this cannot be verified from observations. A pressure pulse could be capable of compressing Saturn's magnetosphere, providing it is strong enough and lasts an adequately long time. Although the CIR and ICME alone are relatively small, it appears that when they merge the resulting structure has either a strong enough pressure pulse or shocks capable of strongly compressing the Saturn magnetosphere. Our observations also show that the ICME is likely to reach the CIR earlier than predicted by ENLIL, as suggested by Figure 13 , which will also influence the properties of any resulting merged region as it propagates to Saturn.
While ENLIL suggests that the ICME merges with the CIR and does not reach Saturn as a distinct structure, the interaction between these two structures is unlikely to occur exactly as predicted, as the internal magnetic field of the ICME is not simulated. If the ICME does continue to travel through the outer solar system as a separate solar transient, following the interaction with the CIR, it would be very difficult to draw conclusions about its propagation beyond this point. The average ICME speed required for this to arrive while Cassini is deep in the magnetosphere of Saturn (roughly 12:00 UT 24 July to 21:00 UT 26 July), when a magnetosphere compression may have begun, is 480 km s −1 or lower. This is somewhat higher than the speed of the slow solar wind, which would be expected as fast ICMEs will decelerate to roughly the speed of the ambient solar wind. However, it is worth noting that this ICME is observed to accelerate during its propagation through the inner solar system, so it is possible that it would have a higher average speed during its propagation out to the orbit of Saturn. However, as the compression of the magnetosphere at Saturn is fairly strong, and the ICME is fairly weak, it seems more likely that a stronger, merged structure caused the magnetosphere compression, rather than this ICME alone.
The values of solar wind dynamic pressure and magnetopause standoff distance found from the magnetopause model of Arridge et al. [2006] indicate a strong compression of the Saturn magnetosphere, as the standoff distance has moved in by 7.5 R s (1 R s = Saturn radius = 60,268 km) and the solar wind pressure is 7 times higher. Achilleos et al. [2006] and Arridge et al. [2006] both look at several magnetopause crossings PRISE ET AL.
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associated with a compression of Saturn's magnetosphere and compare models of the magnetopause at this time. In general, magnetopause standoff distance is between 15 and 30 R s and solar wind dynamic pressure is between 0.008 and 0.1 nPa, which implies that the compression seen here is strong by comparison.
Summary and Conclusions
This study observes two different solar transients, a CIR, followed by a ICME, as they propagate through the solar system from the Sun out to Saturn. To achieve this, it utilizes a broad range of data resources from five different spacecraft, including remote observations of the Sun, in situ solar wind measurements, various planetary spacecraft, and ENLIL prediction modeling. The CME erupted from the Sun early on 20 June 2010 and was directed roughly toward STEREO-B. The high-speed stream associated with the CIR originates from a persistent coronal hole, visible in the center of the solar disk as observed from SDO on 23 June. Signatures of these solar transients in plasma and/or magnetic data were observed at Venus, STEREO-B, and Mars and the CIR was also observed at the Earth. The in situ observations do not all yield the same parameters for easy comparison, but the timings of the transients arrivals at multiple locations have been successfully constrained, with some uncertainty, especially at Mars. The ICME does not have an interplanetary shock associated with it in the inner solar system, but a possible solar wind pileup region was identified ahead of the ICME ejecta arrival at Venus and STEREO-B. The timings of a solar wind pileup region are better compared to the ENLIL predictions. These arrival times in the inner solar system, along with ENLIL simulation of the events, indicates that the ICME eventually reaches the preceding CIR and merges with it beyond the orbit of Mars. As ENLIL does not simulate the internal magnetic field of the ICME and with actual ambient solar wind conditions likely to be different to those simulated by ENLIL, the properties of this merged interaction region cannot be determined. However, it is concluded that it is this merged structure which leads to a compression of Saturn's magnetosphere, observed by Cassini a month later. Modeling of the magnetopause of Saturn at this time suggests that this was a fairly strong compression, pushing the standoff distance in to 16.0 R s . The ENLIL simulation of these events was not used to carry out detailed modeling of these events but to predict their arrival times at multiple locations for comparison with the observations. It was found that the predictions for the ICME were closer to the observed arrival times than those found for the CIR, which were all over a day early. This verifies earlier work which finds uncertainty in the arrival times of large-scale solar wind structures to be on the order of 1 day [Jian et al., 2011; Lee et al., 2009; Gressl et al., 2014] . The arrival of the CIR was better predicted using the method described by Williams et al. [2011] , which extrapolates the arrival time between locations based on the average velocity measured. The ENLIL predictions of the ICME arrival time show the ICME slowing down, as expected from a fast ICME propagating through slower ambient solar wind, whereas the observed arrival times indicate that the ICME is accelerating. This is a result of the ICME propagating through the high-speed stream of the CIR as it approaches it, allowing the ICME to accelerate. As ENLIL predicts the CIR to be traveling further ahead of the ICME (roughly 2 days earlier than observed), it shows the ICME propagating through normal, slow solar wind and therefore decelerating. This emphasizes the need for accurate simulation of the background solar wind in order to successfully model the propagation of an ICME disturbance through the solar system.
